Abbreviations: SAM = shoot apical meristem, L = layer of SAM, P. = Populus, M = P. × canadensis 'Marilandica', A = P. maximowizcii × P. trichocarpa 'Androscoggin'
INTRODUCTION
Many of the advances, which have been made in the understanding of the ontogeny of plants, can be attributed to the study of chimeras (Tilney-Bassett, 1963) . Graft chimeras have been experimentally induced for the first time using members of the genus Solanum. Graft chimeras arise, when adventitious shoots are initiated by cells of both, the stock and the scion at a graft union representing a common phenotype (Winkler, 1907) . In chimeras, the tissues of different individuals border each other, but the genetically different cells remain clearly separated (Winkler, 1907; Baur, 1909) . Most of the graft chimeras so far have originated from grafting partners of the same species or genus (Tilney-Bassett, 1986 ). The Populus-chimera MA was experimentally produced, by grafting of M and A (Voigtsberger, 1993) . In the present study, we investigated morphological characteristics of leaves to determine how they were modified or altered by the two genetically different tissues. The different genotypes M and A in the meristem of MA represent a unique opportunity for examinations of developmental processes.
Plant development depends on the activity of the shoot apical meristem (SAM). The SAM of angiosperms including the genus Populus is laid down during embryogenesis and gives rise to all the aerial parts of the plant including leaves and stems. In dicotyledonous plants the SAM consists mostly of a small dome of cells, covered by leaves in a bud. This group of cells is organized into layers (L1, L2, L3 etc.) with different functions and fates maintained by the pattern of cell division. The layers are arranged into tunica containing L1, L2 (Vaughn, 1952) and corpus which is populated by cells derived from L3. The outer layer (L1) divides anticlinally to give rise to the plant epidermis; the middle layer (L2) divides anticlinally in the dome apex, and anticlinally and periclinally in the dome or SAM flanks to give rise to the plant mesoderm; and the inner layer (L3) divides in various planes to give rise to the central tissues of the plant 70 (Schmidt, 1924; Satina et al., 1940; Frost and Krug, 1942; Cameron et al., 1964) . As all three layers participate in organ formation, coordination of proliferation is essential to populate organ primordia with sufficient cells, as well as to maintain SAM integrity (Doerner, 2000) . Generally, all appendages including leaves, but also new meristems that will give rise to flowers are formed exclusively from cells in the peripheral zone of SAM (Brand et al., 2001) . Because in MA the exogenous layer (L1) is derived from M, while the inner layers are derived from A as shown by Voigtsberger (1993) due to morphological and histological investigations without any L1 perforation in MA every aerial parts of the plant including leaves and stems are expected to be covered by an genetically differed epidermal tissue derived from the donor plant M.
Random Amplified Polymorphic DNA (RAPD) is a DNA polymorphism assay based on the amplification of random DNA segments with single primers of arbitrary nucleotide sequence (Williams et al., 1990; Welsh and McClelland, 1990) . The main advantages of the RAPD method compared to other technologies are its simplicity, reduced running time and low cost. Moreover, it does not use radioactive probes and requires only small amounts of DNA (15-25 ng) (Bustos et al., 1998) . RAPD PCR produces DNA profiles of varying complexity, depending on the primer and template used. Each amplification product is expected to result from the existence of two annealing sites in inverted orientations within amplifiable distance (Williams et al., 1990) . Polymorphisms could be caused by differences in nucleotide sequences at the priming sites or by structural rearrangements within the amplified sequence (Welsh and McClelland, 1990) . RAPD has been successfully used for identifications of different genotypes in chimeras (Sugawara et al., 1995; Shibata et al., 1998; Zhou et al., 2002) and were performed with molecular markers specific to both donor plants. Genetic diversity within Populus species such as P. trichocarpa (Sigurdsson et al, 1995) , P. euphratica (Saito et al, 2002) , P. adenopoda, P. alba (Yin et al, 2001 ) and between cultivars of P. × canadensis (Rajora and Rahman, 2003) was investigated by RAPD analysis. The current report clearly demonstrates the powerful potential using RAPD markers for the detection of the presence of two different genomes originating from different Populus cultivars combined in leaf material of the MA chimera.
MATERIALS AND METHODS

Plant Materials
The genus Populus is included in the family Salicaceae and is divided into five sections. P. × canadensis 'Marilandica' (M) is representing an interspecific hybrid between P. nigra and P. deltoides, both belonging to the section Aigeros. P. maximowizcii × P. trichocarpa 'Androscoggin' (A) represents an interspecific hybrid where both parents belong to the section Tacamahaca. The Populus chimera MA produced by approach grafting of Voigtsberger (1993) using M and A as donor plants are maintained at the Inst. of Hort., Dept. of Plant Breeding, HU-Berlin.
Morphological Analysis
Randomly selected Leafs of both chimeric and donor plants were compared dimensionally.
DNA Analysis
Leaves were randomly collected from the donor plants M and A as well as from the MA chimera. They were air dried and stored at -80 °C until DNA extraction. DNA was extracted from 1g leaf material using the SDS method according to Dellaporta et al. (1983) . Twenty random 10mer primers were tested to screen the donor plants for specific DNA markers. The PCR reaction mixtures were prepared in a total volume of 25 µl containing 20 ng of total DNA as template, 1.5 pM primers, and 20 µl master mix (ABGene) with 1.5 mM MgCl 2 . DNA was amplified in a PCR machine (MWG-Biotech, Hybaid) in 0,5 ml tubes (neoLab). The reaction mixtures were heated to 94 °C for 1 min, submitted to, 40 cycles of 93 °C for 1 min, 42 °C for 1 min, 72 °C for 2 min, and finally heated to 72 °C for 10 min. The amplified DNA fragments (10 µl) were analyzed by agarose gel electrophoresis in 1.8% agarose gels containing ethidium bromide in 1 x TBE buffer at 80 V for 90 min and photographed under UV light.
RESULTS AND DISCUSSION
Graft chimeras have a special value studying the epidermal influences of leaf shape and other organs (Satina, et al., 1940) . Chimeras between different species of woody plants like Laburnocytisus (Noll, 1907; Buder, 1911; Bergann, 1952; Pohlheim, 1969) , Crataegomespilus (Bornmüller, 1932; Bergann, 1956) , Camellia +'Daisy Eagleson' (Stewart et al., 1972; Pohlheim, 1976) , and chimeras of herbaceous plants like an chimera produced of Nicotiana and Solanum (Kaddoura and Mantell, 1991) showed that the presence of a genetically different epidermis can have large effects on characters such as floral morphology and leaf size. Our observations support these results.
The MA chimera compounded of L1 = M and L2, L3 = A represents in the derivates of L1 an epidermis derived from the hybrid M with noticeably different characters such as leaf morphology and leaf bag side colour (Voigtsberger, 1993; Pohlheim et al., 1998) . The M derived epidermis demonstrates in MA the epidermal influence of characters determined by L2 and L3. It has power to affect the leaf morphology tending to an intermediated form. Comparing the leaf morphology of M ( Fig.  1. M) , A ( Fig. 1. A) and MA ( Fig. 1. MA) , leafs of MA are recognizable as intermediated between leafs of M and A. The formation of leaf margin including its teeth is dominated by M (Fig. 1. MA) . The teeth at the leaf margin of A ( Fig. 1. A) are quiet small compared to those of M (Fig. 1. M) .
The genetic diversity between M and A were investigated by RAPD analysis using 10bp oligonucleotide primers. The random primer (GGAGTGGACA) revealed donor specific DNA bands for M (Fig. 2 . M) and A (Fig. 2. A) that were combined in leaf tissue of MA (Fig. 2. MA) . This indicates that the leaves of the MA-chimera are formed by tissues of M and A. The RAPD markers obtained in this study are useful to investigate other organs of the MA chimera such as roots and corollas to identify the presence or combination of M or A derived genotypes. Our studies confirm that RAPD PCR is useful to identify the constitution of chimeras (Sugawara et al., 1995; Shibata et al., 1998; Zhou et al., 2002) .
M
A MA Ladder Fig. 2 . RAPD PCR analysis using the random primer (GGAGTGGACA) showing different amplifiation patterns with genomic DNA isolated from whole leaves of the parents Populus x canadensis 'Marilandica' (M) amd P. maximowizcii x P. trichocarpa 'Androscoggin' (A) and the combination of the parental amplification patterns in the MA chimera (MA).
